. Strikingly, it is known that marine sticklebacks have a higher metabolic rate than freshwater fishes and Kitano et al. [4] directly show that T 4 or T 3 effectively regulates various metabolic parameters such as oxygen consumption. Their model thus suggests (Figure 2 ) that pre-existing alleles of TSHb2 were selected in freshwater populations and that this led to a reduction of TSHb2 production, a decrease of plasmatic thyroid hormone levels, and thus a decrease in metabolism, activity levels, growth osmoregulation, etc. These phenotypic traits would be strongly selected because the amount of energy available to the fish is much reduced in freshwater streams relative to the coastal marine environment. Given that the amount of energy that each fish can obtain is reduced, any means that reduces its global expenditure will be selected. Most probably, the phenotypic plasticity exhibited by the marine populations, which live in coastal environments, was favorable for the selection of this adaptative trait in freswater fishes.
This case provides a very nice illustration of the often unappreciated potential of hormonal regulation to induce pleiotropic changes during evolution [12] . Thyroid hormones are critical in controlling metamorphosis and, more generally, post-embryonic development in vertebrates, but their role is much wider and, as discussed above, includes the control of metabolism [11, 13] . Hormones have been implicated in a number of diverse traits in teleost fishes, such as the imprinting of natal stream odour in salmon, migration in several species, adaptation to differences in salinity or growth control [14, 15] . Their role in linking energy metabolism and activity level is still poorly understood in mammals and virtually unknown in other vertebrates [11] . It is easy to see how such a signalling cascade can be the target of selection at diverse levels, from the top of the pathway, as Kitano et al. [4] demonstrate nicely, to more downstream levels, as shown in amphibians [16] . Other hormonal systems have also been implicated in likely adaptive life history traits in which fine tuned responses to environmental changes are needed: ecdysone in butterfly polyphenism [17] , androgens with respect to social interactions in various vertebrates [18] , and oxytocin in cooperative behaviour and reproduction in mammals [19] , among others. Thus, our understanding of the potential of hormonal systems to play an important role in the origin of biodiversity is probably only in its infancy and will undoubtedly generate other nice surprises in the years to come. Heterochromatin Replication: Better Late Than Ever Different heterochromatic properties appear on satellite DNA during successive embryonic division cycles in Drosophila. One such property, late replication, precedes HP1 recruitment, is under the control of zygotic transcription, and helps to lengthen S phase.
Tin Tin Su
The eukaryotic genome is organized into euchromatin and heterochromatin. The latter can be 'facultative', appearing as certain genomic regions become transcriptionally quiescent in differentiating cells, or 'constitutive', always displaying characteristics that distinguish heterochromatin from euchromatin: hypercondensation, replication late in S phase after euchromatic sequences, and association with specialized proteins such as Heterochromatin Protein 1 (HP1) [1] . A meticulous analysis of constitutive heterochromatin formation during Drosophila embryogenesis by Shermoen, McCleland and O'Farrell [2] in this issue of Current Biology shows no obligate coupling among these characteristics. A detailed analysis of one characteristic, delayed replication relative to euchromatin, shows that it is under developmental regulation and, in turn, helps to prolong S phase as embryonic cycles lengthen during the mid-blastula transition (MBT).
After fertilization, specialized chromatin states of germ cell nuclei become modified, for example, as sperm-specific proteins are replaced with histones. Subsequently, constitutive heterochromatin is restored upon highly repetitive DNA sequences -so-called 'satellite DNA' because they form a band away from bulk genomic DNA on density gradients -that are found primarily near centromeres and telomeres. Shermoen and colleagues [2] employed a creative combination of nucleotide labeling, in situ hybridizations and live cell imaging to monitor heterochromatin assembly on several satellite DNA sequences during early division cycles in Drosophila embryos.
The zygotic nucleus of a Drosophila embryo undergoes thirteen synchronous divisions in a common cytoplasm called a syncytium [3] . Syncytial divisions rely on maternally deposited gene products that include replication factors needed to synthesize the 100 mega-base genome 2 13 times. Syncytial cycles consist of S and M phases only and no gap phases. S phase determines interphase length in these cycles [4] , which increases from about 3.5 minutes prior to cycle 9 to about 14 minutes in S phase of cycle 13 (S13). Following mitosis in cycle 13 (M13), plasma membranes surround each nucleus to form cells. Cycle 14, the first cell cycle of the embryo, includes a much longer S phase (50 minutes) and the first G2 phase. Concurrent with changes in the cell cycle, bulk transcription from zygotic genes and gastrulation commence. Cell cycle lengthening, the switch from maternal to zygotic transcriptional control, and the onset of gastrulation are conserved features of MBT in metazoan embryos. The lengthening of S phase as the Drosophila embryo approaches MBT has been proposed to result from depletion of maternal replication factor(s) as nuclear number increases geometrically with successive rounds of DNA replication [5] . Prolonged S phase would then delay mitosis via the replication checkpoint. Embryos that lack a maternal supply of checkpoint functions encoded by grapes (Chk1) or mei-41 (ATR) fail to lengthen interphase and suffer chromosome segregation failures in ensuing mitoses [5, 6] . Such mitotic defects are observed with increasing severity in the last three syncytial cycles, cycles 11-13. These embryos fail to cellularize, gastrulate or initiate zygotic transcription, and die without hatching. Embryonic lethality and other defects in embryos from mei-41 mutant mothers can be partially rescued by simply reducing maternal gene dosage for mitotic cyclins [5] . Remarkably, this rescue occurs without restoring interphase length to cycles 11-13. Put another way, there may be enough maternally supplied replication factors to replicate the genome through 13 cycles without lengthening S phase in these embryos. Thus, the model of S phase lengthening due to depletion of maternal factor(s), while appealing, may not be correct.
To study the replication of specific genomic sequences in extremely short syncytial cycles, Shermoen and colleagues [2] compared the incorporation of a nucleotide analog after a short pulse and the fluorescent in situ hybridization (FISH) signal for the sequence of interest. The authors saw no apparent temporal differences in DNA replication prior to cycle 13. Interestingly, satellite DNA sequences already show signs of hypercondensation, a characteristic of heterochromatin as early as cycles 9 and 10 ( Figure 1A ). Starting with cycle 13, the authors detect a temporal delay in replication of satellite DNA sequences, which becomes more pronounced in S14 ( Figure 1B) . The delay in replication timing occurs prior to the association of satellite sequences with HP1, a hallmark of heterochromatin formation, which becomes evident in late cycle 14 or cycle 15 depending on the satellite sequence ( Figure 1C ). Subsequently, HP1 foci coalesce into a 'chromocenter', another hallmark of heterochromatin formation ( Figure 1D ). These results indicate no obligate mechanistic coupling among these characteristics of heterochromatin. Thus, for example, hypercondensation does not necessitate late replication and late replication can occur without HP1 binding.
An important point to appreciate here is that when satellite DNA becomes late-replicating, the rest of the genome still replicated 'early'. For example, the bulk of the genome has replicated by about 15 minutes into S14 whereas satellite DNA sequences bEGAN incorporating nucleotide analogs only after bulk DNA has stopped incorporating nucleotide analogs. Different classes of satellite DNA, which differ by the sequence repeated, follow different schedules. Generally speaking, each block takes about 10 minutes to replicate such that S14 lasts about 50 minutes in total.
These results are at odds with the model that titration of maternal factor (s) lengthen S phase. Instead, the results are more consistent with an active delaying of satellite DNA replication. In support of this idea, blocking zygotic transcription with aamanatin, an inhibitor of RNA polymerases, 'blocked' late replication; under these conditions, satellite DNAs replicated with bulk DNA. The findings by Shermoen and colleagues [2] lead to several important new insights listed here. Heterochromatin formation as defined by HP1 binding follows rather than proceeds late replication. Late replication is not uniform but involves discrete satellite sequences replicating in a defined temporal sequence after the completion of bulk DNA replication. Finally, lengthening of S phase is a result of a development transition, likely driven by zygotic transcription, in which satellite sequences become late replicating.
Interphase lengthening that is brought about by late replication of satellite DNA may serve a purpose. Longer interphases would allow for complete transcription of long genes. The transcription unit for Ubx, for example, is 77 kb long and RNA polymerase would require approximately 55 minutes to transverse it from end to end. In fact, nascent Ubx transcripts are aborted upon mitosis in cycles with short interphases and become complete only in cycles with longer interphases [7] . Secondly, because cytoskeletal arrangements for mitosis and cell motility are incompatible, longer interphases may be necessary to allow cell movements that constitute gastrulation. Indeed, premature entry into M14, i.e.? shortening interphase 14 experimentally, disrupts gastrulation in Drosophila embryos [8] [9] [10] .
The work by Shermoen and colleagues [2] Pollination: Sexual Mimicry Abounds Why do plants mimic female insects to attract males for pollination? A new study gives insights into the advantages of sexual mimicry and documents this pollination system for the first time outside the orchid family, in a South African daisy.
Florian P. Schiestl
Animal-like flowers have always fascinated botanists, but the adaptive value of such resemblance remained undiscovered for a long time. It was not until the beginning of the 20th century that flowers of the terrestrial orchid Ophrys speculum, with their shiny blue center and dark-red margin of long hairs, were interpreted for the first time as imitating female insects to attract males for pollination [1] . Soon after, such sexual mimicry was found in an Australian orchid [2] . At the time, these interpretations were met with disbelief,
